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ABSTRACT

This document summarizes research trawl comparisons and fishing power corrections for the F/V
Northwest Explorer, RV TINRO, and RV Kaiyo maru during the 2002 BASIS (Bering- Aleutian
Salmon International Survey) survey. The BASIS research vessels completed joint trawling at
twelve stations in the Bering Sea between September 12 and September 18, 2002. The Kaiyo
maru (Japan) and the Northwest Explorer (United States) completed joint trawling at five
stations, the Northwest Explorer and the TINRO (Russia) completed joint trawling at six stations,
and al three vessels completed joint trawling at one station. Four of the six stations sampled by
the Northwest Explorer and the TINRO were part of adiel study, where the same station was
sampled four times (every six hours for 24 hours). Trawls differed in their headrope length and
number of wingtips; trawls were configured with different bridle lengths, warp lengths, door
sizes, and footrope weights; and vessels differed in their size and horsepower. These differences
resulted in differences in sampling depth (vertical opening of the trawl), trawl width, warp
length, and trawling speed. Catch rates were standardized for the average area swept during each
trawl haul by all three vessels (0.37 kn? of seawater). Immature chum salmon (Oncorhynchus
keta), sockeye salmon (O. nerka), chinook salmon (O. tshawytscha), and juvenile Atka mackerel
(Pleurogrammus monopterygius) were the primary species and life-history stages caught during
the trawl comparisons. Generalized linear models were used to fit fishing power models to catch
and catch rates with arobust maximum likelihood approach. The Kaiyo maru had the largest
fishing power for both catch and catch rates, followed by the TINRO and the Northwest
Explorer. The largest difference in fishing power consistently occurred between the Kaiyo maru
and the Northwest Explorer. The TINRO and the Northwest Explorer were most similar in their
fishing power for saimon, whereas the Kaiyo maru and TINRO were most similar in their fishing
power for Atka mackerel. Fishing power corrections were larger for catch than catch per unit of
effort (CPUE) due to different effort levels by each vessel. Fishing power coefficients for CPUE
of al specieswere significant at the p<0.10 level; however, only Atka mackerel was significant
at the p<0.05 level. Fishing power coefficients for catch of all species except sockeye salmon
were significant at the p<0.10 level; Atka mackerel and chinook salmon were significant at the
p<0.05 level. Although large differences exist in the sampling characteristics of pelagic trawls
used by BASIS vessels (particularly with respect to sampling depth, or vertical trawl opening),
fishing power models provide reasonable corrections for differences in fishing power. However,
caution should be used when applying these fishing power correction terms because the small
number of stations used to compute fishing power estimates limits our ability to ensure that
correction terms are applicable to other areas and times.



INTRODUCTION

The Bering-Aleutian Salmon International Survey (BASIS) is a cooperative research
program by member nations of the North Pacific Anadromous Fisheries Commission (NPAFC).
The BASIS program was created to address critical information gaps for the marine phase of
Pacific salmon (Oncorhynchus spp.) through seasonal pelagic trawl surveys on the distribution,
abundance, and stock origins of salmon in the Bering Sea (NPAFC, 2001). A key factor in the
ability of BASIS to accomplish this objective is ensuring that catches are comparabl e between
different BASIS researchvessels. Trawl comparison were completed by the R/V Kaiyo maru,
F/V Northwest Explorer, and R/V TINRO in the central Bering Sea between September 14 and
17, during the 2002 BASIS survey (Figure 1). This report summarizes the results of the trawl
comparison study, which is the first comparison of pelagic trawls used by BASIS research
vessels, and the first estimates of fishing power differences between these vessels.

METHODS

Catch Rate

Catch rates (catch per unit of effort, or CPUE) were estimated for each vessel at each
station sampled during the gear comparisons. The standard unit of effort used was 0.37 knt of
seawater swept by the trawl, which was the average area swept by all vessels during the trawl
comparisons. Effort was estimated by multiplying the horizontal spread of the trawl by the
distance trawled. All vessels did not have the capability of measuring distance traveled through
water therefore distance trawled over ground was used. Estimates of distance trawled were
computed by multiplying the average vessal speed by trawl duration (one hour). Estimates of
distance trawled we also computed from the start (lat;, lon) and end (laty, lorp) trawl positions
by converting latitude and longitude positions from degrees to radians and using spherical
coordinates to determine the distance (arc-length) between them using:

D = ArcCogSin(lat,)Sin(lat, ) + Cos(lat, )Cos(lat,, )Cos(lon, - lon,)]* R,
where R equals the mean radius of the earth (6371 km) and D equals the distance trawled.
Fishing Power Models

Fishing power isameasure of the efficiency at which a particular vessel- gear
combination captures fish  The measure presents a standardization problem when multiple
vessel-gear combinations are used during a survey or when a change in a standard vessel or gear
is made over time. Due to the difficulty in defining absolute fishing power, fishing power is
often defined by reference to a standard vessel- gear combination through comparative trawling
experiments where vessels fish at the same time and place.

Fishing power models were constructed by assuming each vessel’s expected catch rate (CPUE)
is proportional to abundance by a catchability term, g, so that:

E(CPUE) = gN.



If vessels fishing side-by-side are assumed to encounter the same abundance of fish then catch
rates can be expressed as:

E(CPUE;) =qN;, (1)

where CPUE;; is the catch rate of the i" vessdl at the ™ station. Fishing power models were
derived from Equation 1 as:

E(CPUE ;) = 8: , @)
s @

wherer and s are the reference vessel and station, respectively.

Fishing power models were fit using the generalized linear model format in the Splus® statistical
language (McCullagh and Nelder, 1989; Chambers and Hastie, 1992). Generalized linear
models (GLMs) provide a way of estimating a function of the mean response as a linear
combination of a set of predictors X=(Xy, ...), asin the following:

g(E(Y [ X)=g(u) =y o +aY X,

where g(u) is caled alink function. The GLM parameters are estimated by maximizing the
likelihood function withiteratively reweighted least squares (McCullagh and Nelder, 1989;
Chambers and Hastie, 1992). A robust maximum likelihood estimator was used, which
minimizes atapered residual deviarce term, D,,, instead of the typical squared residual deviance
term D;. The robust residual deviance term is computed as:

:é E_

QI.IO'

where ¢ isadispersion parameter used to standardize residuals, and wy dampens the residual
influence for standardized residuals larger thank? (Huber, 1964). The wy term is express as:

(t) i t fort £ k2U
k 12kt1’2 k2 fort>kg

Robust estimation involves calculating estimators that are relatively insensitive to the tails of a
data distribution but conform to normal theory approximation at the center of the data
distribution The recommended value for the shape parameter, k=1.345, was used, giving Dy, an
efficiency of 95% (efficiency in obtaining minimum variance solutions) while maintaining a high
resistance to data at the tails of the distribution

Error structure was assumed to be log-normal for species where zero catches were not
encountered (chum salmon, total salmon, and Atka mackerel), and Poisson with alog link

! Reference to trade names does not imply endorsement by the National Marine Fisheries Service, or by NOAA.
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function for species where zero catches were encountered (sockeye and chinook salmon). Log
normal error models were fit to log-transformed catch rates from Equation 2 with Gaussian error
and an identity link, expressed as:

g(E(log (cPUE )| C))= E(log (CPUE )| C)= |og(q)+§ aX, +§ b,X,, 3

i=1 j=1

where X=(Xy, ..., X13) are dummy variables used to estimate the g and d; coefficients by
assigning each variable values of one or zero as appropriate. Three vessels and 12 stations were
included in the trawl comparisons, requiring 2 dummy variables for vessel coefficients and 11
dummy variables for stationcoefficients. Poisson models of the same form on the right-hand
side of Equation 3 were fit to untransformed catch rates with a Poisson error and a log link
function,

g(E(CPUE) | X) = log( E(CPUE) | X).

The Poisson assumption is reasonable for small catches, including zeros. Transformed
coefficients, a; = exp(a;), can be used as fishing power correction terms to scale catch rates of a
reference vessel to those expected for vessel i:

o) O_ _
N, E_qiNj =CPUE;.

CPUE,; *a, =q,

Standard errors of the fishing power correction terms were approximated with the delta method
(Seber, 1982) by:

sefa, ) = e %5(a,).
Significance of the fishing power term was tested using Fisher’s distributionas:

Pr(F)=1- FgDa/df

2 df,,df
D/ df 5

where D istheresidual deviance of the full model and df isthe degrees of freedomfor D ; D, is
the reduction in residua deviance by including the fishing power term, and df; is the degrees of
freedom (df;=2) for D,. Thistest is described for GLM’s by McCullagh and Neldor (1989).

Trawl Configuration
United Sates

All trawling was conducted by the F/VV Northwest Explorer (B&N Fisheries Company,
Seattle, WA) with a Cantrawl model 400/580 (made by Cantrawl Pacific Ltd., Richmond, B.C.)
midwater rope trawl (Figure 2) towed with the headrope at the surface. The Northwest Explorer
isa50.3-m chartered factory trawler with a main engine horsepower of 1800 hp (900 hpx2), a
cruising speed of 9.5 knots, and awarp diameter of 29 mm (die-compressed from 32 mm). The
Cantrawl 400/580 trawl has hexagona mesh in the wings and body, is 198 min length hasa



headrope length of 120 m, and has a 12-mm mesh liner in the codend. The trawl was configured
with three 60-m (19-mm diameter) bridle legs connecting the trawl to the trawl doors (Figure 3).
Steel alloy 5-n trawl doorswith fixed bails from Noreastern Trawl (NETS) were used. An
additional 91-kg stedl plate was added to the shoe of each door to increase stability. Total weight
of each door was approximately 613 kg. Three polyform floats (one 80-cm and two 60-cm) were
attached to the headrope on both wingtips and six 31-cm center- hole trawl floats were attached
to the net sonar kite at the headrope to help keep the headrope at the surface; a 120-kg chain was
used to allocate the weight along the footrope. Main warp was set at 350400 m, and target
towing speeds were 4.5-5.0 knots.

Russia

All trawling was conducted aboard the R/V TINRO (TINRO-Centre, Vladivostok) using a
hexagonal mesh midwater rope trawl, model PT 80/396 (Figure 4, Tables 1 and 2) towed with
the headrope at the surface Trawl and vessel characteristics are described in Temnykhet al.
(2002). The TINRO isa62.22x13.81 m stern trawler of 2,508 t with a cruising speed of 12.96
knots, a main engine horsepower of 2364 (1182 hpx2), and awarp diameter of 32 mm. The
trawl is 130 m long with hexagona mesh in the wings and body, a headrope length of 80 m, and
a10-mm mesh liner in the codend. Trawl bridles consisted of two 100-m main traw! bridles
connected to a single point behind each door, and four 50-m split bridles connected to four points
on each side of the trawl (Figure 5). Bridles were attached to two conical V-shaped trawl doors
(area6 nt, weight 1300 kg). A hydrodynamic plate (area 6 nt, height 0.6 m, length 10 m) and
floats were used on the headrope to keep it at the surface. Two 400-kg weights were attached to
the footrope bridles directly in front of the footrope, and a 120-kg chain was used to allocate the
weight along the footrope and to increase the vertical spread of the trawl. Vertical spread of the
trawl ranges between 32-42 m and horizontal spread ranges from 30-34 m depending on towing
speed and warp length of the vessal. Vertical spread during towing time is constantly measured
by aWesmar TCS 704E net sounder.

Japan

All trawling was conducted aboard the R/V Kaiyo maru (Fisheries Agency of Japan, Tokyo)
with a NICHIMO model NST-60-K 1 surface rope trawl (manufactured by NICHIMO CO. LTD.,
Japan) towed with the headrope at the surface. The Kaiyo maru isa93.01 m stern trawler of
2,630 t with a main engine horsepower of 7000 (3500 hpx2) and awarp diameter of 32 mm. The
NICHIMO NST-60-K1 rope trawl has a total length of 202.2 m, a headrope length of 63 m, a
hexagona mouth opening, and a 13-mm liner in the codend, with a typical vertical and
horizontal spread of 60x60 m (Figure 6). Trawl bridles consisted of two 20-m main trawl bridles
behind eachdoor, and six 98- m split bridles connected to three points on each side of the trawl
(Figure 7). Main bridles were attached to two steel trawl doors (area9 n¥, weight 1450 kg
underwater). Fifty 208B floats were attached to the headrope to keep it at the surface, and eight
147.4-kg weights were attached to the front of the trawl to sink the footrope; a 120-kg chain was
attached to the footrope to distribute weight along the footrope. The trawl istowed at the surface
at 5 knots with 250 m of warp.



RESULTS AND DISCUSSION

The BASIS research vessels completed joint trawling at twelve stations in the Bering Sea
between September 12 and September 18, 2002 (Table 3). The R/V Kaiyo maru and the F/V
Northwest Explorer completed joint trawling at five stations, the Northwest Explorer and the RV
TINRO completed joint trawling at six stations, and all three vessels completed joint trawling at
one station. Four of the six stations sampled by the Northwest Explorer and the TINRO were
part of adiel survey where the same station was sampled every six hours for a period of 24
hours.

Differences were present in the trawling characteristics of the vessels. Trawls differed in their
headrope length and number of wingtips; trawls were configured with different bridle lengths,
warp lengths, door sizes, and footrope weights; and vessels differed in their size and horsepower.
These differences resulted in differences in the vertical trawl opening, trawl width, warp length,
and trawling speed. Significant differences were present in the average vertical trawl openings:
17 m for the Northwest Explorer, 36 m for the TINRO, and 50 m for the Kaiyo maru (Table 3).
Differencesin the vertical trawl opening can have an effect on catch rate if the vertical
distribution of fish is non-uniform over the depths sampled or if the vertical distribution changes
with time or area. More similarity was present in trawling widths (horizontal spread). Average
trawling widths were: 45 m for the Northwest Explorer, 33 m for the TINRO, and 50 m for the
Kaiyo maru. Average warp lengths were: 366 m for the Northwest Explorer, 277 m for the
TINRO, and 250 for the Kaiyo maru. Warp length (the distance between the trawl doors and the
vessel) could affect catch rates if vessel avoidance isasignificant factor in catch rate. Average
trawling speeds were: 4.11 knots for the Northwest Explorer, 4.79 knots for the TINRO, and 5.85
knots for the Kaiyo maru. Trawling speed could affect catch rates if net avoidance is a
significant factor in catch rate.

Immature chum salmon (Oncor hynchus keta), sockeye salmon (O. nerka), chinook salmon (O.
tshawytscha), and juvenile Atka mackerel (Pleurogrammus monopterygius) were the primary
species and life-history stages caught during the trawl comparisons. About 95% of the salmon
caught during the gear comparison were chum salmon; no juvenile salmon were caught (Table
4). The number of stations sampled during the diel sampling was inadequate to define a diel
pattern in salmon or Atka mackerel catches. However, there was not an apparent increase in
salmon catch in the surface trawls during the night sets made by the Northwest Explorer and the
TINRO (stations 9and 12) (Table 4). An increase would be expected if there was a significant
diel vertica migration and salmon were deeper than the sampling depth of the trawls during the
day. Although not detailed in this report, there was an obvious diel pattern present in trawl
catches of squid (Gonotopsis borealis and Onychoteuthis borealijaponica, but not Gonatus
kamschaticus), and myctophid species (Diaphus theta, Leuroglossus schmidti, Stenobrachius
leucopsarus), with the largest catches occurring during the night.

Atka mackerel catch rates were significantly higher than catch rates for salmon by al vessels.
The Kaiyo maru had the greatest difference in catch rates between Atka mackerel and salmon,
and the Northwest Explorer had the least difference. Sockeye salmonwere captured at the
lowest rate during paired trawls by the Kaiyo maru and the Northwest Explorer; chinook salmon
were captured at the lowest rate during paired trawls by the TINRO and the Northwest Explorer.
Average catch rates by the Kaiyo maru and the TINRO were consistently higher than catch rates
by the Northwest Explorer during the paired trawling experiments. Although the TINRO had the
highest catch rates for all species except chinook salmon, this does not mean the TINRO had the



highest fishing power for these species Catch rates by the Northwest Explorer for all species
except chinook salmon were approximately twice as high during the paired trawling with the
TINRO than with the Kaiyo maru; therefore, catch rates by the TINRO would need to be twice
that of the Kaiyo maru to have asimilar fishing power for these species. The sampling design
used during the trawl comparisons (vessels not fishing together at all locations) requires the use
of fishing power models that correct for changes in abundance by location to accurately estimate
fishing power differences between vessels.

Fishing power correction terms were estimated for catch and catch rates of salmon and Atka
mackerel (Tables 7 and 8; Figures 8 and 9). Fishing power corrections were larger for catch than
for CPUE due to different effort levels by each vessel. The Kaiyo maru had the largest fishing
power for both catch and catch rates, followed by the TINRO and the Northwest Explorer. The
largest difference in fishing power consistently occurred between the Kaiyo maru and the
Northwest Explorer. The TINRO and the Northwest Explorer were most similar in their salmon
fishing power, whereas the Kaiyo maru and TINRO were most similar in their fishing power for
Atka mackerel.

Robust fits to log-normal models (chum salmon, total salmon, and Atka mackerel) were identical
to maximum likelihood (MLE) estimates with respect to the estimated coefficients, standard
errors, and p-values. Robust fits to log Poisson models (sockeye and chinook salmon) differed
from the MLE estimates, indicating a lack of robustness in the log-Poisson models. Thislack of
robustness is most likely due to an increased sensitivity to the equal abundance assumption when
catch levels are low. Fishing power models used in this analysis require the assumption that
vessals fishing side-by-side encounter the same abundance of fish.

The p-vaues from the Fisher’ s test of significance are shown in Table 9. All fishing power
coefficients were significant at the p<0.10 level for CPUE; however, only the Atka mackerel
coefficient was significant at the p<0.05 level. All fishing power coefficients except the sockeye
salmon coefficient were significant at the p<0.10 level for catch; however, only the Atka
mackerel and chinook salmon coefficients were significant at the p<0.05 level.

Although large differences exist in the sampling characteristics of pelagic trawls used by BASIS
vessels (particularly with respect to sampling depth, or vertical trawl opening), fishing power
model s provide reasonable corrections for differences in fishing power. However, caution
should be used when applying these fishing power correction terms. The small number of
stations used to compute fishing power estimates limits our ability to ensure that correction terms
can be applicable to other areas and times. Correction terms may not be applicable to abundance
levels that are significantly different than those observed during the calibration experiment. Due
to the different vertical opening of the trawls used by the respective BASIS vessdls, vertical
distribution patterns in salmon and Atka mackerel abundance may alter fishing power correction
terms. Other habitats or life- history stages of salmon and Atka mackerel that result in different
vertical distributions will ater the correction terms required to standardize catch rates.
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Figure3. Ropetrawl configuration used aboard the Northwest Explorer during the 2002
BASIS survey.
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Figure4. Moded PT 80/396 rope trawl used aboard the TINRO during the 2002 BASIS survey.

11



&Y Trawl winch B3 Top roller ) Warp 32 mrn

Oy Steel alloy & red trawl doors (1300 kg)

E) Ilain net bridles 19 cm diameter 100 m length (2 x 2)

Fi Split net bridles 19 cra diarneter 50w length (2 2 4) 3) Headrope floats

H) Elevating system (herdrocymarais plate: 0.6 mox 10 1) I} Tulain footrope weight 400 ke ()

I &llocated footrope weight (120 kg chain)

Figure5. Rope trawl configuration used aboard the TINRO during the 2002 BASIS survey.
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Figure 6. Top and side drawings of the rope trawl (NICHIMO NST-60-K 1) used aboard the
Kaiyo maru during the 2002 BASIS survey.
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Table 1. Rope elements of the midwater rope trawl model PT 80/396 used aboard the TINRO during the

2002 BASIS survey.
Quantity Quantity

D Length Up L eft- D Length Up L eft-

Level (mm) (mm) Down Right Level  (mm) (m) Down Right
1 19 9.0 4 4 8 10 7.0 11 9
2 13 9.0 8 8 9 8 7.0 20 16
3 13 9.0 10 10 10 8 6.0 18 16
4 11 9.0 20 20 11 8 6.0 18 16
5 10 9.0 24 20 12 8 6.0 18 16
6 11 8.0 12 10 13 8 3.0 16 16
7 10 8.0 2 18 13 8 3.0 30 30

Table 2 Net elements of the midwater rope trawl model PT 80/396 used aboard the TINRO during the

2002 BASIS survey.
Bottom basis (m) Top basis (m)
Level 'E"mﬁ)‘ Di(ag“rre])ter H(‘a'r'r%ht UpDown Left-Rigt  UpDown  Left-Right
1 1200 6.0 7.2 55.2 48.0 312 24.0
2 800 5.0 7.2 40.0 35.2 24.0 19.2
3 400 31 4.8 27.2 24.0 19.2 16.0
4 200 3.1 4.0 20.0 184 15.0 14.4
5 100 24 84 184 16.0 144 12.0
6 80 24 5.6 12.8 11.2 9.6 8.0
7 60 24 6.72 8.4 6.48 6.0 4.0
8 30 31 4.32 4.68 3.72 4.1 312

17
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Table 3. Station and trawl information of BASIS research vessels during trawl comparisons in the central Bering Sea—September, 2002.

Distance  Distance
. o e Average Trawl
) " Local time' of Position Position trawled trawled Warp ; Area
Vesse Sfﬁ:ggr S,\ﬁ;;?g (I%ita?) actual traw! starting ending g;lgj from from length ?%T\'/C? swept (S%jrr:) Note
period (UTC) trawl trawl (knot9) position speed (m) m (km?)
(m) (m)
. 16:06-17:06  514326N,  514876N
Kaiyo maru 1 327 12-Sep-02 Ao ' ’ 5.6 10193 10371 250 50x50°  0.51 0
(4:065:06)  1794656W  1794656W Strong tie
. ) current.
NW Explorer 1 USAL3  12-Sep02 1(21%‘2,;;762‘)3 571;141321%'3/\'/ 1575211%’\\/‘\'/ 48 9081 8890 360  11x45 041 0
Kaiyo maru 2 J13  13Sep@@ (zgi ﬁ_'gfgo) Lt 57 10243 10556 250  50x50° 051 70
8350.35  523127N,  523450N,
NW Explorer 2 USA14  13Sep®@ (00  TTomIoE  1r73300E 43 8106 7964 333 16x47  0.38 70
Kaiyomaru 3 J2  13Sep@ 1(2::%%';:758? S, N 58 9581 10742 250  50x50°  0.48 88
NW Explorer 3 USA15  13-Sep-02 1(2::11%;71%‘)) ey o 38 7097 7038 387  14x45  0.32 85
. 830-0:39  540156N,  540477N, .
Kaiyo maru 4 Ju 14-Sep-02 (20:39-21:30)  1773322F  1773981E 5.6 9316 10371 250 50x50 0.47 50
830-0:30  540180N,  540450N,
NW Explorer 4 USA16  14-Sep-02 (20:30-21:30)  1772820E  1773380E 4 7884 7408 504 14x45 0.36 46
Kaiyo maru 5 J10  14Sep@2 1(3%77})70‘;)7 TR e 57 10483 10556 250  50x50°  0.52 60
NW Explorer 5 USA17  14-Sep02 1(3::%%;:768()) f;‘?fggg’é f?%ZgoNé 42 8308 7778 390 14x47 039 60
Kaiyo maru 6 }4  15Sep@ 1(2%%%70‘;‘)3 S e 16 10763 14075 250  50x50°  0.54 150
Seas 15 ft.
. . Northwest
NW Explorer 6 USA18  15Sep02 1(?1'-%%%-768? L oo 36 7340 6667 315 22440 029 330 Explorer set
’ ' upwind dueto
. sea state.
TINRO 6 c1 15-Sep-02 1(2'_366;2,7:;;? m’:‘,\/ 5 9260 270  36x335 031 150

1. Locd time: UTG12

2. NW Explorer and Kaiyo maru distances calculated from start and end positions of trawl, TINRO distances calculated from average speed.
3. Estimated size. Actual net opening not measured due to inoperative net sonar.
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Table 3 (continued). Station and trawl information.

o gmn o san o RS DA T Wb D T G e A% o
period (UTC) trawl trawl (knots) (m) (m) (m) m (km
Exm o 7 USAL9  16-Sep02 (Zgigg_'gfgs) N X 39 7367 7223 432 1845 033 80
TINRO 7 2 16-Sep-02 (zgiggllfs) fass s 45 8334 270 36x335 028 94
Eng‘é‘: o 8 USA20  16-Sep2 1(2::125&13:7;52 o 0o, 4 7876 7408 432 1847 037 95
TINRO 8 3 16Sep2 1(223;}&13732)3 el 47 8704 292 36x335 039 95
Eng‘ger 9 UsAZla 17-Spl2 15;:22%_'%230) ffggggs’\'é f?gg%‘l)o'\‘é 42 7897 7778 324 2243 034 100 1g Diel
TINRO 9 Cda  17-Sep@2 (157"18;120) f?ggIgONE 49 9075 274 38«33  0.30 100
Eng\g o 10 USA21b  17-Sep02 éﬂ%ﬁ 18) ey 4l 7761 7593 414 20x47 037 90 2nd Diel
TINRO 10 Cab  17-Sep02 éﬂgéﬁ% e 47 8704 300  38<33  0.29 80
Exm o 11 USA2lc  17-Sep02 1(;::155;}5?‘%? e e 43 8105 7964 360  18x47 038 100 3rd Diel
TINRO 11 Cic  17-Sep02 1(2277(1583% L 5 9260 261  34x33 031 100
Eng\é)\:er 12 USA21d  17Sp02 ffllzzlelzz) f?gggjoNE f?gggo'\'E 41 7948 7503 360 13«43 034 140 4th Diel
TINRO 12 cad  17-Sep02 (1213115??21155) f?ggfgo'\'é 47 8704 290 3433  0.29 160

1. Local time: UTG12
2. NW Explorer and Kaiyomaru distances calculated from start and end positions of trawl, TINRO distances cal culated from average speed.
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Table 4.

Catch and catch rates (CPUE) of immature salmon and juvenile Atka mackerel of BASIS research vessels during trawl
comparisons in the central Bering Sea—September, 2002. Standard unit of effort is the average area swept by all

vessels (0.37 kn).
i Station Dete Catch CPUE
P Number Chum  Sockeye Chinook Total Atka Chum  Sockeye Chinook Total Atka
Salmon  Salmon Salmon Samon  Mackerel Sadmon  Salmon Salmon Salmon Mackerel
Kalyo 1 12-Sep-02
maru 75 7 7 89 826 54.45 5.08 5.08 64.61 599.67
NW
Bplorer  © 1ZS@0 3 1 1 5 58 272 091 0.91 453 5252
Kaiyo 2 13-Sep02
maru 167 1 11 179 20,134 120.64 0.72 7.95 129.31 14,545.06
NW
Bplorer 2 135002 2% 0 0 2% 800 2525 000 000 2525 77695
Kaiyo 3 13-Sep-02
maru 28 0 7 35 9,820 21.63 0.00 541 27.03 7,584.22
NW
3 13-Sep-02
Explorer P 49 0 2 51 2,200 56.77 0.00 2.32 59.08 2,548.65
Kalyo 4 14-Sep02
maru 33 1 2 41 9,083 30.18 0.79 1.59 32.57 7,214.79
NW 4 14-Sep-02
Explorer 41 0 4 45 1,000 42.76 0.00 4.17 46.93 1,042.91
Kaiyo 5 14-Sep02
maru 73 1 0 74 10,752 51.53 0.71 0.00 52.24 7,589.70
NW
Explorer ° 14-Sep-02 10 0 0 10 1,193 9.48 0.00 0.00 9.48 1,130.48
Kaiyo 6 15-Sep-02
maru 204 1 0 205 15,474 140.26 0.69 0.00 140.95 10,639.24
NW
Explorer 6 15-Sep 02 62 5 1 68 650 78.14 6.30 1.26 85.70 819.19
TINRO 6 15-Sep-02
109 3 3 115 4,301 130.01 3.58 3.58 137.17 5,129.98
NW
Bplorer | 16590 31 11 1 43 1,033 3460  12.28 112 4799 215726
TINRO 7 16-Sep-02
49 10 3 62 18,138 64.94 13.25 3.98 82.17 24,037.69
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Table 4 (continued). Catch and catch rates (CPUE) of immature salmon and juvenile Atka mackerel.

. CPUE
Ship Station Date
Number Chum  Sockeye Total Atka Chum  Sockeye Chinook Total Atka
Samon Samon  Mackerel Samon  Samon Salmon Salmon mackerel
NW
8 16-Sep-02
BExplorer S 143 146 570 142.94 1.00 2.00 145.94 569.76
TINRO 8 16-Sep02 67 69 9,184 85.01 1.27 1.27 87.55 11,653.33
NW
9 17-Sep-02
Explorer Sep 169 172 4,703 184.16 2.18 1.09 187.42 5,124.76
TINRO o 17-Sep-02 123 129 1,301 151.97 371 371 159.38 1,607.42
NW 10 17-Sep-02
Explorer 145 151 1,122 147.08 3.04 3.04 153.16 1,138.07
TINRO 10 17-Sep-02
P 228 232 356 293.69 2.58 2.58 298.84 458.56
NW
Bplorer 11 1SR 14 18 908 1360 000 388 1748 881.89
TIN 11 17-Sep-02
RO P 17 21 8,958 20.58 242 242 25.43 10,846.46
NW
Bplorer 12 18500 54 54 231 5846  0.00 000 5846  250.10
TINRO 12 18-Sep-02
113 116 4,221 145.56 1.29 2.58 149.42 5,437.06




Table 5. Average catchof salmon and Atka mackerel by BASIS research vessels during trawl
comparisons in the Bering Sea—September, 2002. All vessals trawled for one hour at
each station Datafor the Northwest Explorer is separated by the stations sampled
with the Kaiyo maru and the stations sampled with the TINRO.

Vessel Chum Sockeye Chinook Totd Atka
Samon Sdmon Samon Sadmon Mackerel
NW Explorer (Kaiyo maru) 32 1 1 A 984
Kaiyo maru 98 2 5 104 11,015
NW Explorer (TINRO) 88 3 2 93 1,445
TINRO 101 3 2 106 6,637

Table 6. Average catch per- unit-effort (CPUE) of salmon and Atka mackerel by BASIS
research vessels during trawl comparisons in the Bering Sea—September, 2002.
Standard unit of effort is the average area swept by al vessels (0.37 knt). Datafor the

Northwest Explorer is separated by the stations sampled with the Kaiyo maru and the
stations sampled with the TINRO.

Vessel Chum Sockeye Chinook Totd Atka
Samon Samon Salmon Samon Mackerel
NW Explorer (Kaiyo maru) 35.85 1.20 1.44 38.49 1061.78
Kaiyo maru 69.78 133 334 74.45 8028.78
NW Explorer (TINRO) 9414 354 177 99.45 1563.00
TINRO 127.39 4.01 2.87 134.28 8452.93
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Table 7. Fishing power correction terms (&, ) for catch by BASIS research vessels during traw
comparisons in the central Bering Sea—September, 2002. All vessals trawled for one hour at

each station.
Fishing Power Corrections
Reference .
Vessel Species NW Explorer (se) Kaiyo maru (se) TINRO (se)
NW Explorer Chum Samon - 3.42 (1.40) 1.23(0.47)
Sockeye SAmon - 3.19 (1.43) 1.10(0.28)
Chinook Salmon - 2.66 (1.30) 1.52(0.73)
Total Salmon - 3.32(1.26) 1.22(0.43)
Atka Mackerel - 11.82 (6.61) 3.82(1.99)
Kaiyo maru Chum Salmon 0.29(0.12) - 0.36 (0.19)
Sockeye Samon 0.31(0.14) - 0.34(0.16)
Chinook Samon 0.38 (0.18) - 0.57(0.38)
Total Samon 0.30(0.11) - 0.37(0.18)
Atka Mackerel 0.08 (0.05) - 0.32(0.23)
TINRO Chum Salmon 0.81 (0.31) 2.77 (1.47)
Sockeye Samon 0.91 (0.23) 2.91(1.39)
Chinook Salmon 0.66 (0.32) 1.75 (1.15)
Total Salmon 0.82 (0.29) 2.72 (1.34)
Atka Mackerel 0.26 (0.14) 3.00 (2.24)

Table 8. Fishing power correction terms (& ;) for CPUE based on area swept by BASIS research vessdls

during trawl comparisons in the central Bering Sea—September, 2002. Catches were scaled
to a standard unit of effort of 0.37 km”of seawater, the average area swept by all vessals.

Fishing Power Corrections
Reference :
Vessal Species NW Explorer (se) Kaiyo maru (se) TINRO (s9)
NW Explorer Chum Salmon - 2.44(1.03) 1.47 (0.58)
Sockeye SAmon - 2.45(1.17) 1.26 (0.30)
Chinook Salmon - 1.86 (0.87) 1.77 (0.75)
Totd Salmon - 2.36 (0.92) 1.45(0.52)
Atka Mackerel - 8.43(4.72) 4.55(2.37)
Kaiyo maru Chum Salmon 0.41(0.17) - 0.60 (0.33)
Sockeye Sdmon 0.41 (0.20) - 0.51 (0.26)
Chinook Salmon 0.54 (0.25) - 0.95 (0.58)
Tota Salmon 0.42 (0.16) - 0.61 (0.31)
Atka Mackerel 0.12 (0.07) - 0.54 (0.39)
TINRO Chum Salmon 0.68 (0.27) 1.66 (0.91)
Sockeye Samon 0.80 (0.19) 1.95(0.97)
Chinook Salmon 0.56 (0.24) 1.05 (0.63)
Total Salmon 0.69 (0.25) 1.63(0.83)
Atka Mackerel 0.22(0.11) 1.85(1.35)
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Table 9. Fisher’s significance test for fishing power correction terms for BASIS research vessels
during trawl comparisons in the central Bering Sea—September, 2002.

P-vdue
Species Catch CPUE
Chum Salmon 0.084 0.070
Sockeye Salmon 0.134 0.011
Chinook Salmon 0.024 0.091
Tota Salmon 0.070 0.056
AtkaMackerel 0.002 0.003
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